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Flash Electrical Chip-Erase 

— 1_Second Typical Chip-Erase ^ u> 
Quick-Pulse Programming*** / ^Se< 
— 100 u.a Typical Byte-Program 

— 4 Second Chip-Program 

EPROM-Compatlble 12.75V V PP Supply 

100 Erase/Program Cycles 

High-performance Speeds 

— J 70 ns Maximum Access Time 

Low Power Consumption 

— 100 ;xA Maximum Standby Current 



Command Register Architecture for 
Microprocessor/Microcontroller 
Compatible Write Interface 

Noise Immunity Features 

— ± 10% Vcc Tolerance 

— Maximum Latch-Up Immunity 
through EPI Processing 

ETOXtm Flash-Memory Technology 

— EPROM-Compatlble Process Base 

— High-Volume Manufacturing 
Experience 

Compatible with JEDEC-Standard Byte- 
Wide EPROM Plnouts 

— 28-Pln "Wlndowless" Cerdlp 

(Set Packaging Spec., Outer '231309) 

Intel's 27F256 CMOS flash-memory offers the most cost-effective and reliable alternative for updatable non- 
volatile memory. The 27F258 adds electrical chip-erasure and reprogramming to familiar EPROM technology. 
Memory contents can be erased and reprogrammed: rn a test socket; In a PROM -programmer socket; on- 
board during subassembly test; tn-system during final test; and tn-system after-sate. The 27 F 256 lncreasos 
memory flexibility, while contributing to time- and cost-savings. The 27F256 is targetted for alterable code- 
or data-storage applications where EPROM ultraviolet erasure is impractical or time consuming. The 27F256 
can also be applied where traditional E EPROM functionality (byte-erasure) is either not required or not 
cost-eflectrve. 

The 27F258 Is a 256-kilobit nonvolatile memory organized as 32768 bytes of 8 bits. Intel's 27F256 Is ollored in 
a 28-pin "wlndowless'* cerdlp package. Pin assignments conform to JEDEC standards for byte-wide EPROMs. 

Intel's 27F256 employs advanced CMOS circuitry lof systems requiring high-performance access speeds, low 
power consumption, and Immunity to noise. Its 170 nanosecond accoss timo provides no-WAir*slnto porlorm- 
ance for a wide range of microprocessors and microcontrollers. Maximum standby current of 100 microamps 
translates Into power savings when the device is deselected. Finally, the highest degree of latch-up protection 
is achieved through Intel's unique EPI processing. Prevention of latch-up is provided lor stresses up to 100 
milliamps on address and data pins, from - IV to Vcc + 1V - 

With Intel's ETOX'M {EPROM tunnel oxide) process base, the 27F256 levers years of EPROM exporionce to 
yield the highest levels of quality, reliability, and cost-effectiveness. 
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tni* Corporation assumes no rasponsjottty lor the usa of any circuitry olNw ihnn circuitry ornbodmri in an Intel prnrtiM-j No i 
■cernos Implied. Information contained horotn supersedes previously publHhod specif* mkxn on n>nir» rkwicfls itttm Intm 
© InM Corporation, 198S Order 
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Figure 2. Cerdlp (D) Pin Configuration 

Table 1. Pin Description 



Symbol 


Type 


Name and Function 


Ac- A |3 


INPUT 


ADDRESS INPUTS lor memory addresses. Addresses are Internally 
latched during a write cycle. 


DQ0-DQ7 


INPUT/ 
OUTPUT 


DATA INPUT/OUTPUT: Inputs dota during memory writo cyclos; 
outputs data during memory read cycles. The data pins are active high 
and float to Instate OFF when the chip is deselected or the outputs 
are disabled. Data Is Inlornally lalchod during a wrilo cyclo 




INPUT 


CHIP ENABLE: Activatos the device s control logic, input bullors, 
decoders, and sense amplifiers. is active low; high deselects 
the memory device and reduces power consumption to standby levels 




INPUT 


OUTPWT ENABLE: Gates the device's output through the data buflers 
during a read cycle. OE is active low. 




INPUT 


ADDRESS/ WRITE ENABLE are multiplexed to maintain EPROM 
p.nout compatibility. With V PP high, A„/WE functions as the write 
control pin. With V PP low. A M /wl functions as an address input line 
WE is aclivo low. Addressos aro latched on Iho lolling odgo of Wg 
Data is latched on the rising edge of the Wg pulse. Note: With V PP « 
Vppt, memory contents cannot be altered 


Vpp 




ERASE/PROGRAM POWER SUPPLY lor writing the command 
register, erasing the onlire array, or programming bylos in Iho arroy 


v C c 




DEVICE POWER SUPPLY <5V ± 10%) 
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APPLICATIONS 

The 27F256 flash- memory adds oloctricol chip-ora- 
sure and reprogrammable ty to EPROM non-volatility 
and ease of use. As such, the 27F256 is ideal tor 
storing code or data-tables in embedded control ap- 
plications where periodic updates are required. 

The need for code updates porvados nil phasos ol a 
system's lito — from prototyping to systom manufac- 
ture to after-sale service. In the factory, during proto- 
typing, revisions to control code necessitate ultravio- 
let erasure and reprogrammlng ol EPROM-based 
prototype codes. The 27F256 replaces the 15- to 
20-minute ultraviolet erasure with one-second elec- 
trical erasure. Electrical chip-erasure and repro- 
gramming occur In the same workstation or PROM- 
programmer socket 

Diagnostics, performed at subassembly or final as- 
sembly stages, olten require the socketing of 
EPROMs. Socketed test codes are ultimately re- 
placed with EPROMs containing the finai program. 
With electrical chip-erasure L.id reprogramming, the 
27F256 Is soldered to the circuit board. Test codes 
are programmed Into the 27F256 as It resides on the 
circuit board. Ultimately, the final code can be down- 
loaded to the device. The 27F256*s in-circuit altera- 
bility eliminates unnecessary handling and less-reli- 
able socketed connections, while adding greater 
test flexibility. 

Material and labor costs associated with code 
changes increase at higher levels ol system Integra- 
tion—the most costly being code updates alter sale. 
Code "bugs", or the desire to augment system func- 



tionality, prompt alter-.... d code updates. Fiold revi- 
sions tn EPnOM-nasod codo rnquiio Ihn rnmovnl ol 
FPMOM components Of ontiio bonnlr,. Ihn r.nrvit:o 
technician porlorms the twoniy-minuto ultiaviolol 
erasure and reprogramming on-site, or returns 
boards to the factory for rework. An alternate ap- 
proach is to use one-time-programmable EPROMs. 
The service fochnician romovos the "old" riovicos 
and roplocn* thorn with ij|kJoIoJ versions. Tho unnd 
compononts aio discardod. 

Designing with the in-circuit alterable 27F256 elimi- 
nates socketed memories, reduces overall material 
costs, and drastically cuts the labor costs associat- 
ed with code updates. With the 27F256, code up- 
dates are implemented locally via an edge-connec- 
tor, or remotely over a serial communication link. 

A high degree ol on-chip feature integration simpli- 
fies mernory-to-processor Interlacing. Figure 3 illus- 
trates the Interlace between the MCS-51 microcon- 
troller and one 27F256 llash-memory in a minimum 
chip-count system. Figure 4 depicts two 27F256s 
tied to the 80C186 systom bus. In both Instancos. 
the 27F256 S architocluro minimizos Intorlaco cir- 
cuitry needod lor complete in-circuil updates ol 
memory contents. 

With cost-elfective electrical orasuro and roprograrn- 
ming. tho 27F256 litis the functionality qnp bntwoon 
traditional EPnOMs and EEPMOMS. EPMOM-coin- 
patible specifications, straighllorward interfacing, 
and in-circuit alterability allows designers to easily 
augment memory flexibility and satisly tho nood lor 
updalable-codo-storage in today's dosigns. 
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Figure 3. 27F258 In an MCS-51 System 
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Figure 4. 27F256 In an 600166 Syitem 



PRINCIPLES OF OPERATION 

Rash-memory augments EPROM functionality with 
irvcircuit electrical erasure and reprogramming. The 
27F256 Introduces a command register to manage 
this new functionality. The command register allows 
lor: 100% TTL-level control Inputs; lixod powor sup- 
plies during erasure and programming; and maxi- 
mum EPROM compatibility. 

In the absence ol high voltage on the V PP pin, the 

27F256 is a read-only memory. The 27F256 com- 
. pleiely read-compatible with Iho industry-standard 

27256 and 27C256 EPROMs. Manipulation of the 
t external memory-control pins yields the standard 
■ EPROM read, standby, output disable, and inUigent 

Identifier*" operations. 



The same EPROM read, standby, and output disable 
operations are available whon high voltage Is ap- 
plied to the V PP pin. In addition, hi', h voltage on Vpp 
enables erasure and programming' of the device. All 
functions associated with altering memory con- 
tents— indigent Identifier, erase, orase verily, pro- 
gram, nnd program vority— oro occossod via tlio 
command rogister. 

Commands are written to the register using standard 
microprocessor write timings. Register contents 
serve as input to an internal stato-machine which 
controls tho erase and programming circuitry. Wrilo 
cyclos also intornally latch nddrossos and data 
needed lor programming or erase operations. With 
the appropriate command written to tho rogistor, 
standard microprocessor read timings output array 
data, access the int 0 ligent Identifier codes, or output 
data lor erase and program verification. 
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Table 2. 27F256 Bus Operations 



Pine 












A 14/ 




Operation 


Vppti) 




A» 


CE 


OE 


WE 


DOq-DO; 


>- 


Read 


Vrpl 


Ao 


A 9 


V|L 


VlL 


Am 


Data Out 


2 


Output Disable 


Vpp L 


X 


X 


V 1L 


V| H 


V,h 


Tri-state 


2 


Standby 


Vppl 


X 


X 


V»| 


X 


X 


Iri-stato 


2 

DC 


int 0 ligent ID™ Manufacturer <2> 


VPPL 


V|L 




VlL 


VlL 


V.L 


Data - B9H 




lnt e ligent IQtm Device <2> 


Vppl 


V| H 


V I0 P) 


V.L 


VlU 


V lL 


Data » 91H 




Read 


Vpph 


Ao 


A 9 


Vil 


Vn. 


V, H 


Data Out (*> 


Output Disable 


VPPH 


X 


X 


V»L 


Vih 


V)H 


Trl-state 


Si 


Standby (5) 


V PPH 


X 


X 


V| H 


X 


X 


Tri-state 


unTce. 


Write 


V PPH 


Ao 


Ao 


VlL 


V| H 




Data In <6) 



1. Vp Pl may be ground, a no-eonnecl with a resistor tied lo ground, or sVcc +2.0V. VppH is the ptoqrammino voliaoe 
spodlkrt .or the device Reler to D.C. Characters. When V„ - VpPl . memory contend be reTbTr^rm™ « 

6f SSOu. 

i * a ™ ,0 j : ^ or f**?!** 00(509 may a,5 ° 09 acc8ssed • command register write sequence. Refer to Table 3. 

3. 11.5V S V»D S 13.0V. 

4. Read opera I loos with Vpp - Vppn may access array data or the Indigent ID'". 

5. With Vpp at high voltage, the standby current equals Ice + Ipp (standby) 

6. Relet to Table 3 tor valid Data-in during a write operation. 

7. X can be Va. or V^. 



The command register Is only alterable when Vpp Is 
at high voltage. Depending upon the application, the 
system designer may choose to make the Vpp pow- 
er supply switchable— available only when memory 
updates are desired. When high voltage is removed, 
the contents ol the register default to the read corrv 
mand, making the 27F256 a read-only memory. 
Memory contents cannot be altered. 

Write-Enable control is multiplexed with A14 to pre- 
serve compatibility with EPROM footprints. When 
Vpp equals V PPH , A14/Write-Enable functions as 
the Write-Enable pin. When V PP equals V PPL( A14/ 
Write-Enable is an address input line. The lowest or- 
der register bit contains the A14 Information. In this 
manner, the 27F256 operates in a page-addressed 
fashion when Vpp equals Vppn. 

The system designer may choose to "hard-wire" 
Vpp, making the high voltage supply constantly 
available. In this Instance, all operations are per- 
formed in conjunction with the command rogistor. 
The 27F256 Is designed to accomodate oil hoc do- 
sign practice, and to encourage optimization of the 
processor-memory Interlace. 



BUS OPERATIONS 



Read 

The 27F256 has two control functions, both of which 
much bo logically aclivo, to obtain da la at tho out- 
puts. Chip-Enable (CE) is the power control nnd 
should be used lor device selection. Output- Enable 
(OE) is the output control and should be used 
lo gate data Irom the output pins, independent of 
device selection. Figure 7 illustrates read timing 
waveforms. 

The read operation only accesses array data when 
Vpp is low (Vp PL ). When V PP is high (V PPH ). the read 
operation can be used to access array data, to out- 
put the indigent Identifier tm codes, and to access 
data for program/ erase verification. 

Output Disable 

With Output-Enable at a logic-high lovel (V IH ), output 
from the device is disabled. Output pins are placed 
in a high-impedance state. 
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J0-DQ7 

ata Out 
ri-slale 
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a - B9H 
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la Qui W 
fi-state 
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*la In (6) 



ifng voltage 
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o3. 



C 



ih ol which 
at the oul< 
ontrot and 
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I be used 
tendon! of 
oad timing 



data when 
the read 
aia, to out- 
' to access 



/ih). output 
are placed 



tandby 

0 'ith Chip-Enable at a logic-high lovol, tho standby 
operation disables most ol the 27F256s circuitry 
ind substantially reduces device, power consume- 
ion The outputs are placed in a high*impedence 
Male, independent of the Output-Enable signal. 

1 the 27F256 is doseiected during erasure, pro- 
gramming, or program/erase verification, the 
ievice draws active current until the operation is 
efmtnated. 



nt e !lgent Identifier™ 



The indigent Identifier operation outputs the manu- 
BCturer code (69H) and device code (91H). Pro- 
iramming equipment automatically matches the 
* levie s with its proper erase and programming 
ilgonlhms. 

Vith Chip-Enable and Output-Enable at a logic low 
wot raising A9 to high voltage (11.5V- 13.0V) ectt- 
f^ales the operation. Data read from locations OOOOH 
fend 000 IH represent the manufacturer's code and 
ne device code, respectively. 

he manufacturer- and device-codes can also be 
Md via the command register, for instances where 
•w 27F258 is erased and reprogrammed in the tar- 
)et system. Following a write of BOH to the com- 
nand register, a read from address location OOOOH 
hjtputs the manufacturer code (89H). A read from 
iddress 0001 H outputs the device code (91H). 



rite 



:e erasure and programming are accomplished 
na the command register, when high voltago is ap- 
plied to the V PP pin. The contents of the register 
wwvfl as input to the internal state-machine. The 
itate-machine outputs dictate the function of the 
device. 
1 

The command register itself does not occupy an ad- 
dressable memory location. The register is a latch 
used to store the command, along with address and 
Jjau ^formation needed to execute the command. 
Thi command register Is written by bringing Write- 
^n*W» to togkMow level (V lt ). while Chip-Enable 
tJ» b*. Addresses are latched on the falling edge 
^Wnte-Enable, while data Is latched on the 
fwg edge of the Wrile-Enable pulse. Standard 
nfcroprocessor write timings are used. 

Thi three high-order register bits <R7. R6. R5) en- 
wo* the control functions. The lowest-order register 
« (AO) contains the A14 information. All other regis- 



ter bits. R4 to R1. musl be zero. The only excoption 
is tho rosot command, whon FFH is written to tho 
rogistor. nouislor bits M7-no conospond lo dnlo in- 
puts 07 -DO. 

Refer to AC Write Characteristics and the Erase/ 
Programming Waveforms lor specific timing 
paramotors. 



COMMAND DEFINITIONS 

When low voltage is applied to the V PP pin, the con- 
tents ol the command register default to 00H, en- 
abling read-only operations. Placing high voltage on 
the V P p pin enables read/write operations. Device 
operations are selected by writing specific data pat- 
terns into the command register. Table 3 defines 
these 27F256 register commands. 



Read Command (Page O/Page 1) 

While Vpp is high, lor erasure and programming, 
memory conients can be accessod via the road 
command. When accessing array data with the read 
command, the A14 address Information is written 
into bit zero (R0) ol the command rogistor. In elloct. 
this divides the device Into 16-kilobyte pages (paoe 
0 and page 1). w 

The read operation (page 0) is initiated by writing 
00H into the command register. Microprocessor 
road cyclos rolriove array data Irom tho lownr 
16-kilobyto page ol mornory. iho dovico rotnains en- 
abled for reads (page 0) until Ihe command register 
contents are altered. By writing 01H to the command 
register, read cycles access data from the upper 16- 
kilobyte page (page 1) of memory. 
» 

The default contonts of Ihe register upon 
Vpp power-up is 00H. This default value ensures 
that no spurious alteration of memory contents oc- 
curs during the V PP power transition. Where the V PP 
supply is hard-wired lo the 27F256. Ihe device pow- 
ers-up and remains enabled for reads (page 0) until 
the command-register contents are changed. Refer 
to the AC Read Characteristics and Waveforms for 
specific timing parameters. 



Int e llgent IdentlflerTM Command 

Flash-memories are Intended for use in applications 
where the local CPU alters memory contents. As 
such, manulaclurer and device-codos must be ac- 
cessible while the device rosidos in tho torgol sys- 
tem. PROM programmers typically access signature 
codes by raising A9 to a high voltage. However, mul- 
tiplexing high voltage onto address lines Is not de- 
sired system-design practice. 
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Table 3. Command Definitions 




NOTES: 

1. Bus operations are dofinod in Tablo 2 

2 ' p£ - ^»««| , ^ mWV ! (>C0liOn 10 b0 read *"ing erase verily 
PA - Address ol memory Location to be programmed 

3 "%** S V£ 9 , ll^ 6 °l !he ,a ' ,ift 9 Wr?tt Enable pu.se 

*■ Figure 6 iRuatoalai lha Ouick E'asoiu AlM,iilim e °" °" lh0 p,0 «""" cornm..,..!. 

6 ^Z^USS^* ' h * ° uick - Pu,5 ° Programming- Algorithm 



The 27F256 contains an inl e ligent Identifier" 0 per- 
m^n^JEftF"' " adi,i0na ' PR OM programming 

BOH fi^.™* °f! ra ' i0n " ini,ia,ed * 
eOHhiio ihe command register. Following the com- 

fELT? * ,e , 8d ° yc,e ,,om »"dres, 0000H ,e- 
lm hL wa ^! actu ">' code ol 89H. A read cycle 
Irom address 0001H returns the device code ol 9tH 
To terminate the operation. It is necessary to write 
another valid command into the register 

Set-up Erase/Erase Commands 

^'""P 1 p a * 0 J ' 3 a comman*only operation that 

Kav'Th^t.'?' 0,ec,r,ca, e,asu ' e °' 8,1 WK, 

by wnUno 20H ,n " h P WaSe 0pe,a,lon ,s Performed 
Dy wnung 20H to Ihe command register. 



f T /oH?r?, nC ° chi P- efasur8 . erase command 
(ZOH) must again be written to the register The 

W, a if 6 % 0 „^„ a J iOn 1 be9inS Wi,h ,he ,isi "9 e^e o. the 
%Z T 9 pu '. M and 'elates with the rising 

SK^T W ' i,e EnaW9 »*» B '**° vJ 
This two-step sequence ol set-up followed by execu- 

X T ory con,en,s are «S 

ally erased. Also, chip-erasure can only occur when 
ol I «s high voltoijo. niomoiy coiitunts oio imoiocIikJ 

a ndW^ aSU,e •. Re, °' 10 AC E ' ase Charac S 
and Wavelorms »or specific timing parameters. 

Erase-Verlfy Command 
(PageO/Page 1) 

The erase command erases all bytes ol tho arrav in 
parailel. Alter each case operation, all byVs "us" 
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20H 








EVD 




EVD 








PD 




PD 








PVO 




PVO 




FFH 
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're protected 
>aracieristics 
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' ihe array in 
1 byte9 musl 



be verilied. The erase verily operb. . (page 0) is 
initialed by writing AOH j nlo lho commnntJ ron iRlof. 
Erase verily (pngo I) is slnilod by writing A II I into 
U»e register. The address lor the byle to be veriliod 
musl be supplied as it is latched- on Ihe falling edge 
of the Write-Enable pulse. The register write termi- 
nates the erase operation with Ihe rising edge of its 
Write-Enable pulse. 

The 27F256 applies an intomally-gonofalod margin 
voflage lo Ihe addressed byle. Reading FFH Irom 
ihe addressed byte Indicates lhat ail bits in Ihe byte 
a/e erased. 



The erase-verily command must be written to the 
• command register prior to each byte verification to 

latch lis address. The process continues for each 
[ byte in the 16-kilobyte page until a byte does not 
| relum FFH data, or Ihe last address In the page 
. H accessed. The erase-verify (page 1) command 

musl be written to the register to cross the page 
' boundary. 

In the case where FFH data Is not read, another 
•we operation Is performed. (Holer to Soluo 
Erase/Erase). Verification then resumes from the 
address of the last-verlfied byte. Once all bytes In 
tfte array have been verified. Ihe erase step Is com- 
plele. The device can be programmed Al this point, 
(he verify operation Is terminated by writing a valid 
cwnmand (e.g. Program Set-up) to the command 
ieg.ster Figure 6. the Flash-Erase^ Algorithm illus- 
tales how commands and bus operations are com- 
tuned to perform electrical erasure of the 27F256 
Heler to AC Erase Characteristics and Waveforms 
lor specific timing parameters. 



? D e, * up ^I. 09ram/Pro 9 ram Commands 
(PageO/Page 1) * 

Sel up program is a command-only operation thai 
stages the device for byte programming. Writing 40H 
0>age 0) or 41H (page 1) Into the command register 
performs i the set-up operation. The register write 
Utcnes Ihe A14 information into bit *oro (R0) of the 
regular lo select the desired 16-kilobyte page. 

Once the program set-up operation is performed. 
n* next Write-Enable pulse causes a transition to 
inactive programming operation. Addressos are irv 
tefnafty latched on Ihe falling edge of the Write-Erv 
*• pulse. Data Is Internally latched on the rising 
«*e of the Write-Enable pulse. The rising edge of 
^Enable also begins Ihe programming opera- 
wk rr>e programming operation terminates with the 
nnt wing edge of Wriie-Enable, used lo write Ihe 
; Warn-verify command. Refer lo AC Programming 
Oarac eristics and Waveforms for specific timing 
parameters. " 



Progrnin-Verlfy Comma.. . 
(Page O/Page 1) 

Tho 27F256 is programmed on a bylo by-bylo basis. 
Byle programming may occur sequentially or at ran- 
dom. Following each programming operation, the 
byte just programmed musl be verilied. 

Tho pronrnm-vorily oimintioii (pni|o 0) is iniliatorl t>y 
writing COM into Iho commniK) rogislor. Program vw- 
ity (page 1) is entered by writing CtH into the regis- 
ter. Bit xero (RO) of Ihe register represents A14. se- 
lecting one of the two 16-kilobyte pages. The regis- 
ter write terminates the programming operation with 
the rising edge ol its Wrilo-Enable pulse. The pro- 
gram-verify operation stages Ihe device lor verifica- 
tion of Ihe byte last pr(>grarnmed. No new address 
information is latched. 

The 27F256 applies an internally-generated margin 
voltage to the byte. A microprocessor read cycle 
outputs the data. A successful comparison between 
Ihe programmed byte and true data means thai Ihe 
byle is succnssfulty profjiammod. Programming thon 
procoods lo Iho noMl dosbod byte location. Ftauto 5 
m.?.i "f 25 ® O^-Pu'M ProgrammingtM Algorithm, 
Illustrates how commands are combined with bus 
operations lo perform byte programming. Refer to 
Programming Characteristics end Wavelorms for 
specific timing paramotors. 

Reset Command 

«KL G ? e i COmmand is P'o^ed as a moans lo solely 
KSU * P f °9 fa ™-command sequences 

Following e.lher sel-up command (erase or program) 
with two consecutive writes of FFH will safely abort 
the operation Memory contents will not be alterod 
A valid command musl llion bo written lo place tho 
device in the desired state. 



?, U ^ K r;fl ULSE PROGRAMMINGTM 
ALC RITHM 

The Quick-Pulse Programming!- algorithm usos 
programming operations of 100 microsecond dura- 
o h^! Per8 w °" is ' 0,,owed bv 8 b y«° verification 
iurrncTr mQ ad *essed byte has been 

" ^ Programmed. The algorithm allows lor 
™i? 25 Programming operations per byle. although 

?S . J2 ! S ^ y °" l he ,ifSl ° r SGCOnd oP^aiion. 
l»L " SGt ' uonco of programming and byle verili- 
cn on is porformod wilh V PP at high vollngo. Finuro 
5 illustrates the Ouick-Pulse Programming algorism 
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But 

. Operation 


Command 


Commenli 


Standby 




Wail tor Vp P Ramp to 

v PPM m 

Iniliolizo Pulso-Count 


Write 


Set-up Program 


Data - 40H/41H 


Write 


Program 


Valid Addross/Dala 


Standby 
Write 


Program VerltyW 


Duration ol Program 
OporationOwMvwn) 
Data - C0H/C1H; Stops 
Program Operation 


Standby 




•whgl 


Reed 




Road Byte to Verily 
Programming 


Standby 




Comfutro On in Output to 
Data E«poctod 


Write 
Standby 


Read 


Data - 00H, Rosots the 

nofji.ilor tor Road 

Opofntions 

Wait lor Vpp Ramp to 

Vpp L (i) 



NOTES: 

^Soe D.C. Characteristics lor valuo of V PPlt iho V«» 
power ,up P »y can be hard-wired to the dev£e or switch? 
Die When Vpp * switched. V PPL may be ground no-enn 

2 OV ^eler 8 £ » ^ '° « ST? 

Z OV. Refer to Principles ol Operaiion. 

^°AM^ P °"°"" 0d BMW ^ P^ocjinm. 
nwng. A Imrj rood/comnaro may bo porloimod (optional) 

alt0f thc ^"» to written w ith the Road command ' 

FI B ure 5. 27F256 Oulch-Pulae Programming r« Algorithm 
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QUICK-ERASE™ ALGORITHM 

Kiel's Quick-Erase algorithm yiolds fast and rolinblo 
ilectrical erasure ol memory contents. The algo- 
lihm employs a closed-loop flow, similar to the 
)uick-Pulse Programming™ algorithm, to simulta- 
eousfy remove charge Irom all bits in the array. 

>asure bogins with a road ol memory conlonts. Tho 
7F256 is erased when shipped Irom the factory, 
leading FFH data from the device would Immedi- 
lely be followed by device programming. 

nilorm and reliable erasure is ensured by first pro- 
amming all bits in the device to their charged state 
)ata - 00H). This is accomplished, using the 
luick-Pulse Programming algorithm, in approxi- 
mately lour seconds. 

•rase execution then continues with an Initial erase 
iperatlon. Erase verification (data - FFH) begins at 
tddress 0000H and continues through the array to 
ho last address, or until data other than FFH is en- 
countered. With each orase operation, an increasing 
[umber of bytes verify to the erased state. Erase 
Efficiency may be Improved by storing the address of 
,ie last byte verified in a register. Following the next 
irase operation, verification starts at that stored ad- 
Jress location. A total of sixty-four erase operations 
ire allowed, which corresponds to approximately 
ten seconds of cumulative erase time. Erasure typi- 
cally occurs in one second. Figure 6 illustrates the 
Quick-Erase Algorithm. 



DESIGN CONSIDERATIONS 



Two-Line Output Control 

Flash-memories are often used in larger memory ar- 
ray! Intel provides two read-control inputs to acco- 
modate multiple memory connections. Two-line con- 
trol provides tor: 

a) the lowest possible memory power dissipation, 
and 

b) complete assurance that output bus contention 
wil not occur. 

To efficiently use those two control inputs, an ad- 
(tas-decoder output should drive chip-enable, 
ttt* the system's read signal controls all flash- 
rromories and other parallel memories. This assures 
that onry enabled memory devices have active out- 
pvts, while deselected devices maintain the low 
power standby condition. 



Power Supply Decoupler. ^ 

Flnsh-monwxy fx>wnr-*;witchinn chnindnnnlicri co- 
quire caroM dovico decoupling. Syslmn Unr.innnra 
are interested In throe supply current (Iqc) issuos- 
standby, active and transient current peaks pro- 
duced by falling and rising edges of Chip-Enable. 
The capacitrve and inductive loads on tho dovice 
outputs dotormine the magnitudes of Otoso poaks. 

Two-line control and proper docoupling capacitor 
selection will supress transient voltage peaks. Each 
device should have a 0. 1 fiF ceramic capacitor con- 
nected between Vcc and V$s. and between Vpp 
and V$s. 

Place the high-frequency, low-inherent-inductance 
capacitors as close as possible to the devices. Also, 
tor every eight devices, a 4.7u.F electrolytic capaci- 
tor should be placed at the array's power supply 
connection, between Vcc and V$s- The bulk capaci- 
tor will overcome voltage slumps caused by printed- 
circuit-board trace Inductance, and will supply 
charge to the smaller capacitors as needed. 



Vpp Trace on Printed Circuit Boards 

Programming flash-momorios. whilo Ihoy rosirin in 
tho target system, roquiros that tho printntj circuit 
board designer pay attention to ttto Vpp powoi sup- 
ply trace. The Vpp pin supplies the memory cell cur- 
rent for programming. Use similar trace width and 
layout considerations given the Vcc power bus. Ad- 
equate Vpp supply traces and decoupling will de- 
crease Vpp voltage spikes and overshoots. 



Power Up/Down Sequencing 

* 

The 27F256 is designed to ollor protodion against 
accidental erasure or programming, causod by spuri- 
ous system-level signals that may exist during power 
transitions. The 27F256 powers-up in its read-only 
stale. Also, with its control register architecture, al- 
teration ol moinory conlonts only occurs nltnr suc- 
cessful completion of the two-step command se- 
quences. While these precautions are sufficient tor 
most applications, it is recommended that Vcc 'each 
its steady-state value before raising V PP above 
Vcc *" 2.0V. In addition, upon powering down. Vpp 
should bo bolow V cc I 2.0V, bo lor o idworiny V C c 
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ft«od Cmd 
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*PP'y 




t t1| 




C/ror 



»Ol57.e 



Bus 
Operation 



Standby 



VVrile 

Write 
Standby 

Write 



Standby 
Read 



Standby 



Command 



Set-up Erase 



Erase 



Erase Verify*?) 



Write 
Standby 



Read 



Comments 



Wait tor Vp P Ramp to 
Vp PH m 

Usn Quick. Pi il?.o 
Programming"" 
Algorithm (Fig.5) 

Initialize: 
Erase Time 
Cum Erase Ti mG 
Pulse-Count 

Data « 20H 

Data - 20H 

Duration of Erase; 
Operation (t WHW H2) 

Addr - Byto to Verify; 
Dnla - AOH/AIH; 
Stops Erase 
Operation 

<WHGL 

Road Byte to Verily 
Erasure 



Comparo Outpul to 
FFH 

CUMTEW = 
CUMTEW + TEW 
TEW « Integer Divide 
INf(CUMIEW/0) 



Data - 00H, Roset 

the Register for Read 

Oporaiions 

Wait (or Vp P namp | 0 

Vp PL (D 



NOTES: 

1. Soe O.C. Chofaclmisiics lor valuo of Vdo,, ti.« u 

2.0V. Rotor to Principle* of Opwation. 00 
nal t «lVr° tiiy * PO,,0,rnod altor chip-orasuro A fi. 
y 3iw is wr.iion with the read command. 



ISOLUTE MA> 

mating tompofaiui 

Hiring Read 

Xjring Erase/Progr 
nperature Under B 
rago Tornporaturn 
tago on Any I > ir » w 
Respect to Ground 
tage on Pin A 9 wit 
Respect to Ground 
9 Supply Vottago v 
Respect to Grounc 
Ouring Erase/Progt 

C Supply Voltage v 
Respect to Ground 
itput Short Circuit C 



»TES: 

Operating lompofatun 
Minimum D.C tniwil \ 
uimutn fJ.C. voltnrjo « 
Maximum D C voiiag< 
Output shorted for no 



DERATING CC 



Symbol 


Op 


Ta 


Vcc 


v c 


D C. CHARACTI 


Symbol 






Inpu 


»LO 


Oulc 


fees 


v CC 


•cct 


Vcc 
v C c 


*CC2 



ABSOLUTE MAXIMUM RA1i..<JS 'Notice: Stresses above those i. under "Abso- 

) lute Maximum Ratings " mny cause permanent dam- 

bpetalinq Tomporaiuro ago to the ttovnrn. 7/1/5 is a stutss tatintj nnty nntl 

\ During Read 0"C lo * 70'C<'» functional operation of tlin dovtco at thorn or any 

. During Erase/Program CTC to + 70'C other conditions above those indicated in the opera* 

'emperature Under Bias - 1 0*C to + 80*C thnal sections of this specification is not implied. Ex- 

;iOf age Temperature -65*Cto + t25*C Posure to absolute maximum rating conditions for 

'oilage on Any Pin with extended periods may affect device retiabihty. 

Respect to Ground - 2.0V to + 7.0VW NO TlCE: Specifications contained mthin tho 

bltage on Pin A 9 with following tables are subject to chanae. 

Respect to Ground - 2.0V to + 1 3.5VM 

pp Supply Voltage with 
Respect to Ground 

During Erase/Program -2.0V to +14.0V(2.3) 

cc Supply Voltage with 

Respect lo Ground -2.0V to + 7.0VW 

Kjtput Short Circuit Current 100 mAt 4 > 

I0TES: 

. Operating temperature la tor commercial product defined by this specification. 

• Wff * T,um D.C. Input voltage Is -0.5V. During transitions, inputs may undershoot to -2.0V lor periods less than 20ns 

Iawnum D.C. voltage on output pins is Vcc + 0.5V. which may overshoot to Vcc + 2.0V lor periods less than 20ns. 
Maximum O.C. voltage on Aq or Vpp may overshoot to + 14.0V lor periods less than 20 ns. 
CXitput shorted lor no more than one second. No more than one output shorted at a time. 



OPERATING CONDITIONS 



Symbol 


Parameter 


Umlts 


Unit 


Comments 


Mln 


Max 




Operating Temperature 


0 


70 


•c 


For Read-Only and 
noad/Writo Oporotioris 


Vcc 


Vcc Supply Voltage 


4.50 


5.50 


V 




1 

DC CHARACTERISTICS— TTL/NMbS COMPATIBLE 


Symbol 


Parameter 


Limits 


Unit 


Teat Conditions 


Mln 


Max 


»u 


Input Leakage Current 




±1.0 


M A 


V CC " V C c max 
Vin =* V C c or V ss 


'LO 


Output Leakage Current 




±1.0 


ma 


Vcc " v cc max 
VOUT " V C c or Vss 


fees 


Vcc Standby Current 




1.0 


mA 


V CC ° Vcc max 

C6 - v, H 


•cct 


Vcc Active Read Current 




30 


mA 


v cc ~ v cc max ~ V| L 
1 - 6MH2, Iqut 13 0 mA 


kC2 


Vcc Programming Current 




30 


mA 


CI = V )L 

Programming in progress 




tl I 



2n 2uo 



> i 



Symbol 


Parameter 


Mln 


Limits 

Max 


Unit 


lest Conditions 


'CC3 


Vcc E f ase Current 




30 


mA 


CE - v, L 

PfSlCiirA in nr^rtrocc 


tpps 


Vpp Standby Current 




1.0 


u.A 


v,. P - V P p L 


'PPI 


Vpp Read Current 




200 


Vpp o VppH 


tpp 2 


Vpp Programming Current 




30 


mA 


Vpp - Vpp H 

Programming in progress 


'PP3 


Vpp Erase Current 




30 


mA 


Vpp - VppH 
Erasure in progress 


V.L 


Input Low Voltage 


-0.5 


o.e 


V 




Vim 


Input High Voltage 


2.0 


Vcc + 05 


V 




Vol 


Output Low Voltage 




0.45 


V 


•ol " 2.1 mA 
Vcc " Vcc mln 


V0Ht 


Output High Voltage 


2.4 




V 


Ioh " -2.5 mA 
Vcc " Vcc min 


Vro 


Ag indigent Identifier tu 
Voltage 


11.50 


13.00 


V 


A 9 - V, 0 


'id 


A 9 lnt e ligent IdeniilierTu 
Current 




500 


M A 


Ag « V tD 


Vppt 


Vpp during Read-Only 
Operations 


0.00 


V C c + 20V 


V 


Note: Erase/Program 
are Inhibited when 
Vpp «» VppL 


V PPH 


Vpp during Read/Write 
Operations 


12.50 


13.00 


V 





>.C. CHARAC 



D.C. CHARACTERISTICS— CMOS COMPATIBLE 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Mln 


Max 




Input Leakage Current 




± 1.0 


ma 


v cc a v cc ma * 

Vin " V C c or V ss 


»LO 


Output Leakage Current 




±1.0 


ma 


v cc ** Vcc max 

VOUT - Vcc Of V S S 


ices 


Vcc Standby Current 




100 


m a 


Vcc " Vcc m a* 
CE - V, M 



lymbol 




'CCl 


VCCA* 


'CC2 


Vcc P« 


*CC3 


VCC& 


'PPS 


Vpp St 


'PPI 


Vpo Ri 


'PP2 


Vpp Pr 


<PP3 


Vpp Er 


v IL 


Input L 


V,H 


Input H 


Vol 


Output 


Vohi 


Output 


V 0 H2 


VlO 


A 9 int e . 
Voltage 


>I0 


A n int,,t 
Curront 


Vpp L 


Vpp dui 
Operati 


V PPH 


Vpp dui 
Operati 



APACITANCEO) 



Symbol 




C|N 




Cour 





led, not 100% 
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D.C. CHARACTERISTICS — CM OS COMPATIj^c^njinuod^ 



Symbol 


Parameter 


Limits 


Unit 


Test Conditions 


Mtn 


Max 


VCI 


Vcc Active Read Current 




20 


mA 


V C c = Vcc ma * = v, L 

1 & orvinz, 'OUT u fnA 


«CC2 


Vcc Programming Current 




30 


niA 


ce - v„ 

PtOftl At mint in in ntAn r/\ee 


«CC3 


Vcc Erase Current 




30 


mA 


Erasure in progress 


'pps 


Vp P Standby Current 




1.0 


MA 


Vpp « Vp PL 


IpPl 


Vpp Read Current 




200 


*A 


Vpp - VppH 




Vpp Programming Current 




30 


mA 


Vpp « Vpp H 

Programming in progross 


tpp3 


Vdd Erase Currant 




30 


mA 


Vpp - Vpp H 

Erasure in progress 


Vl 


Input Low Voltage 


-0.5 


0.8 


V 




v M 


Input High Voltage 


0.7 Vcc 


Vcc + 0.5 


V 




1 Vol 


Output Low Voltage 




0.45 


V 


»<X - 2.1 mA 
V CC " V C c min 


Vohi 


Output High Voltage 


0.85 Vcc 




V 


'OH = -2.5 mA Vcc n V cc min 


V0H2 


Vcc ~ 0.4 


lOH m -100 fiA V cc « V cc min 


VlO 


A9 lnt G ligenl IdentilierTM 
Voltage 


11.50 


13.00 


V 


Ag - V, 0 


1)0 


A 9 inl e ligent IdentilierTM 
Current 




500 


ma 


A 9 « V, 0 


VPPL 


Vpp during Read-Only 
Operations 


0.00 


Vcc + 20 


V 


Note: Erase/Program 
are inhibited when 
Vpp - Vpp L 


VPPH 


Vpp during Read/Write 
Operations 


12.50 


13.00 


V 





CAPACITANCES) T A - 25'C. I - 1.0 MHz 



Symbol 


Parameter 


Limits 


Unit 


Conditions 


Min 


Max 




Address/Control Capacitance 




6 


PF 

pF 


VlN ~ 0V 

Vour ; ov 


CrjUT 


Output Capacitance 




12 



t*0Tt: 

1. Simpied* not 100% tested 



A.C. TEST COK IONS 

Inpul Rise and Fall Timos (10% to 90%) 10 ns 

Inpulso Pulso Lovols v 0L and V ( ^ M 

Input Timing Reler ence Level v tL and V fH 

Output Timing Reference Level V 1L and V )H 

A.C. TESTING LOAD CIRCUIT 



1.3V 



1N914 



DEVICE 
UNDER 
TEST 




Ct - lOOpF 

C,. kncfeJat Jig CapacHanca 



A.C. TESTING INPUT/OUTPUT WAVEFORM 



VoH ' — \fo 



ja ^> its? POINIS 



OUTPUI 



* usi roiHts 



290157-7 

A ^l!"^ l npU '* B,# " V 0»H **" • "f and Vn. lor 

■ *>g* 0 \ Taking maaiuramani) aio mado at V M tot a too* 
I ' and V t lot a togc "0". Rtsa/FaH ttmo s 10 ns. 
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A.C. CHARACTERISTICS — READ-ONLY OPERATIONS 



Symbol 



tELOv'tCE 



Uvoy/tACC 



■GLOv'tOE 



Characteristics 



Read Cycle Time 



Chip Enable Access Time 



Address Access Time 



Output Enable 
Access Time 



27F256-170P2C2 



Mln 



170 



tELOX^LZ 



*EHQ2 



^LOX/^OLZ 



»GHQ2/toF 



WlGL 



Chip Enable to Output 
in Low 2 



Chip Enable to Output 
inHighZ 



Output Enable to Output 
in Low 2 



Output Disable to Output 
In High 2 



Output Hold from Address, 
CE. or SE Change ID 



Write Recovery Time 
Before Read 



Max 



170 



170 



70 



55 



35 



NOTES: 

1. WNchovor occurs first. 

2. Rise/Fall times £ 10 ns. 



27F256-200P2C2 



Mln 



200 



.f 00 
200 



75 



60 



27F256-250P2C2 



250 



45 



250 
250 



80 



65 



55 



Unit 



ns 



fc 



O DC 

s 



16 



inteT 



27F256 



A.C. CHARACTERISTICS— For Wrlle/Ernse/Program OpcrallonoU) 



Versions 


27F256-170P2C2 


27F256-200P2C2 


27F256-250P2C2 


Unit 


Symbol 


Characteristics 


Mln 


Max 


Mln 


Mai 


Mln 


Max 


*AVAV^WC 


Write Cycle Time 


170 




200 




250 




ns 


tAVWL'US 


Address Set-up Time 


0 




0 





0 




ns 


IwLAX'Uh 


Address Hold Time 


60 




75 




90 




ns 


fovwH^os 


Data Set-up Time 


50 




50 




50 




ns 


tWHDX^DH 


Data Hold Time 


10 




10 




10 




ns 


*WHGL 


Write Recovery Time 
Before Read 


6 




6 




6 




u.S 


Ighwi 


Read Recovery Time 
Before Write 


0 




0 




0 






Ielwi/Ics 


Chip Enable Set-up Time 


0 




0 




0 




ns 


*wheh/*ch 


Chip Enable Hold Time 


0 




0 




0 




ns 


^WLWH^WP 


Write Pulse Width 


50 




60 




75 




ns 


tWMWL^WPM 


Write Pulse Width High 


50 




60 




75 




ns 


IwWWHI 


Programming Operation 


95 


150 


95 


150 


95 


150 


M« 


NVHWH2 


Erase Operation 


(2) 


(2)+ 5% 


<2) 


(2) + 5% 


(2) 


<2> + 5% 




<EHVP 


Chip Enable Set-up Time 
to Vpp Ramp 


100 




100 




100 




ns 


lypEL 


Vpp Set-up Time to 
Chip Enable Low 


100 




100 




100 




ns 



NOTES: 

1. Read timing characteristics during read/ write operations are the same as during read-only operations. Refer to A.C. 
Characteristics lor Reed-Onry Operations. 

2. The duration ol each erase operation Is variable and is calculated in the Quick-Erase'" Algorithm. The duration ol the 
current erase operation is equal to the truncated value of cumulative erase time divided by eight (integer divide). 

TEW - Integer Divide (CUMTEW/8) 

The duration of the erase operation actually applied can exceed the calculated value by a maximum tolerance ol 5%. Refer 
to Figure 6 for additional details. 
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ORDERING INFORMATION 



|o|Hy|r|i| 9 |.|- fTT7Te|7T7Tcm 

I— PACKACE 



D ■ CCRCMP 



RE PROGRAM CYCLES (10*) 
2» 100 CYCUS 

-CRASt/PROCRAU VOOACE 
2 = 1 2.75V* 0.25V 

-ACCESS SPEED (oi) 
170n* 
200 nt 
250 ns 



290157- t2 



VALID COMBINATIONS: 
D27F256-170P2C2 
O27F256-200P2C2 
D27F256-250P2C2 



2 



